Over the past decade, there has been increasing interest in functionalizing silicon surfaces, avoiding the ubiquitous oxide overlayer utilized in most integrated circuits based upon silicon. 1 While silicon is clearly the backbone material of the microelectronics industry, an understanding of its surface chemistry still remains in preliminary stages. 2 The native oxide overlayer on silicon chips has served admirably well for most microelectronic applications but as the features on integrated circuits become increasingly small, the ability to tailor the interfacial properties of the surface is extremely desirable.
3 As the well known Moore's law describes, the number of devices on an integrated circuit has been increasing exponentially since the early 1960's, approximately doubling every year to 18 months. 4 The smallest feature on a Pentium processor chip is now about 300 nm, and both industry and academia look to make even tinier surface features 5 and devices as the state-of-the-art moves from ultra-to giga-scale integration, with over 10 to 100 million transistors per chip. Because the surface properties of these nanoscale devices will have crucial effects on their performance, new surface terminations and the chemical tools to access them are required. 6 Integrated circuit technology on silicon wafers, developed primarily by the microelectronics industry, has benefited not only computer manufacturers and users, but a host of other industries and research areas. Silicon devices are now utilized for microelectromechanical systems (MEMS), 7 microfluidics and micrototal analytical systems (µ-TAS), 8 biosensors 9 and other bioanalytical applications, 10 micro-optics 11 and micro-reactors, 12 for example. Each of these applications requires different interfacial characteristics, and thus the need for very general chemical approaches is substantially broadened. In the case of silicon-based devices that will contact biological fluids or samples, a simple oxide overlayer is highly unstable at the usual pH's encountered (> pH 7), corroding rapidly under ambient conditions. A method to stabilize the surface, keeping the underlying electronic properties intact and enabling the attachment of specific binding elements for recognition events, for instance, is necessary. In order to respond to these requirements, we and others 13 are pursuing the development of the chemical tools for functionalization of silicon surfaces utilizing organometallic chemistry.
14 Through production of an organic monolayer on the surface of bulk silicon bound through stable silicon-carbon bonds, as shown in figure 1 , we can tap into the vast repertoire of chemical transformations available through organic chemistry, permitting precise modulation of surface properties.
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The anticipated result of this approach is a simple set of reactions to create any stabilized surface upon demand. Through further chemistry, these surfaces can be built upon, leading to increasingly sophisticated interfaces for a wide range of applications.
There are, in fact, three technologically important variations of elemental silicon: flat single crystal silicon used in microelectronic chips, amorphous silicon found in photovoltaics, and porous silicon, the potentially revolutionary light-emitting material derived from silicon wafers. The latter, porous silicon, is especially interesting and challenging because its high surface area renders it extremely sensitive to oxidation and attack by water under ambient conditions. Since discovery of its photo-and electroluminescent properties in 1990 and 1991, respectively, there has been intense and focused attention on porous silicon. 16 A sample of porous silicon emitting orange light upon irradiation with UV light is shown in figure 4a . Because it is easily prepared and inte- Figure 1 . Functionalization of silicon surfaces through organometallic chemistry. By covalently binding organic moieties through stable silicon carbon bonds, the interfacial characteristics of the material can be tailored at will by varying the R groups. grated with existing silicon-based technology, porous silicon is ideal for optoelectronic and photonic devices, as well as sensing and flat-display technology. Recently, in a surprising development, porous silicon has been shown to function efficiently for direct analysis of small molecules through mass spectrometry, an analytical technique termed desorption ionization on silicon (DIOS). 10 In spite of this immense promise, no commercial devices utilizing the intrinsic light-emitting or electronic properties of the material are available due to the inadequate stability of the material. Porous silicon was an ideal starting point in our quest for functionalization strategies of silicon surfaces in general due to its challenging nature and potential technological importance if appropriately stabilized. 17 An extremely useful starting point for surface chemistry of silicon surfaces is the hydride termination, formed by a short treatment with fluoride ion in air, as shown in figure 2 .
18 These surfaces are metastable and resistant to oxidation for tens of minutes in ambient air, yet sufficiently chemically reactive to allow for functionalization. Porous silicon is formed through a simple and efficient galvanostatic etch with an HF solution and is also naturally terminated with hydrogen. 16 These hydrogen capped silicon surfaces are chemically homogeneous (>99%) and are contaminated with little or no oxide, thus serving as an excellent starting point for 'wet', bench-top organometallic chemistry.
Our initial approach towards functionalizing the surface involved replacing the hydrides with organic moieties as shown in figure 2 , forming stable silicon-carbon bonds and potentially allowing for incorporation of a wide range of chemical groups. This would respond to both the stability and generality requirements outlined earlier. This reaction, termed hydrosilylation, involves insertion of an alkene or alkyne into a surface Si-H bond and thus by changing the R group substituents, the characteristics of the resulting surface can be tailored at will. It has been shown that this chemistry can take place on hydride-terminated silicon surfaces at high temperatures 1, 19 or with high energy UV irradiation. 20 The fragile nanoscale architecture of porous silicon cannot, however, withstand such treatment and so our search was limited to gentle, room temperature reactions that require little energy input. We found that the hydrosilylation reaction can be induced at room temperature in the presence of an inexpensive, commercially available Lewis acid, EtAlCl 2 . 21 The reaction with alkynes takes place within seconds, and with alkenes, several hours. If the porous silicon is reacted with hydrophobic alkynes or alkenes like tert-butylacetylene, the surfaces are rendered highly stable to caustic chemical treatment with aqueous KOH solutions (pH 10-12). Examples of the surfaces accessible through this procedure are shown in figure 3 .
While the Lewis acid EtAlCl 2 works successfully for hydrosilylation on porous sili- con surfaces, we have found that white light illumination of moderate intensity at room temperature for 30-60 minutes will also bring about hydrosilylation of alkenes and alkynes on photoluminescent porous silicon samples. 22 Since the reaction takes place only where illuminated, photopatterning is possible, thus allowing the production of spatially defined arrays of chemical functionalities. Photopatterned hydrosilylation of 1-dodecene is shown in figure 4a , a sample of porous silicon under photoluminescent conditions. To prove the stability of the photopatterned area over the native Si-H terminated surface, this sample was placed in boiling alkali which caused dissolution of the untreated surface. As demonstrated with figure 4b, following this extreme chemical treatment, the photopatterned hydrosilylated area is still photoluminescent while the native, underivatized areas no longer emit light.
To summarize, room temperature hydrosilylation reactions on hydride terminated porous silicon surfaces dramatically increase the chemical stability of this material, and allow for incorporation of a wide range of functionalities. As a result, the interfacial characteristics may be tailored at will, opening a wide variety of possible technological applications. Extension of this chemical approach to other silicon surfaces is presently underway in our laboratories. 
